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NATIONAL ADVISORY Cm FOR AERONAUTICS 

TESTS INTBEAMFS bO- BY%-FOOTWIND TUNNELOFANAIRJ?LANE 

MODEL WITH AN ASPECT RATIO 4 TRIANGUIAR WING AND AN 

ALL-MOVABLE HORIZONTAL TAIL - HIGH-LIFT 

DEVICESAND LATERALCONIROLS 

By Ralph W. Franks 

Tests have been made of a triangular-wing-airplane model equfpped 
with high-lift devices and lateral and directional controls. The model 
consisted of an aspect ratio 4 triangular wing in combination with a 
fuselage of fineness ratio 12.5; a thin, triangular, vertical tail with 
a constant-chord rudder; and a thin, unswept, all-movable horizontal 
tail. The wing had an N&CA COO5 modified section and was equ%pped with 
partial-span, constant-chord, slotted inboard flaps, and plain, constant- 
chord, outboard flaps. 

Three lateral controls were tested; namely, the inboard flaps, t'ne 
outboard flaps, and.the all-movable horizontaltail. The high-lift 
devices were the outboard flaps and the inboard flaps. Tests were made 
with the wing-fuselage-vertical-tail configuration in addftion to the 
tests of the complete model. The Reynolds number, based on the wing 
mean aerodynamic chord, was approximately 10.9 tillion and the Mach 
number was approximately 0.13. 

INTRODUCTION . 
. 

The low-speed aerodyna&c characteristics 'of an airplane model with 
an aspect ratio 4 triangular wing and an all-movable horizontal tail have 
been under investigation in the Ames 40- by 80-foot wind tunnel. The 
longitudinal aerodynamic characteristics of the model at zero sideslip 
have been reported in reference 1; included therein were data covering 
the effect of horizontal-tail aspect ratio and vertical location. The 
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results of the testtsof re.ference I indicated that the horizontal tail 
having the greater aspect ratio.(4.4) located in the extended wing-chord 
plane gave the best stability and the lowest drag; therefore, this tail 
configuration was used inthe present investigation. 

Presented herein are the results of tests of the model with high- 
lift devices, and lateral and directional controls. The high-lift devices 

--- ---- =I 
- 

included slotted inboard flaps and plain outboard~flaps. Three lateral 
controls were tested; namely, the inboard flaps/the outboard flaps, 
and the all-movable horizontal tail. In addition, a rudder of constant 
chord was tested as a directional control device. The data herein are - .I 
presented without analysis to expedite publication. - 

NOTATION 

The coefficients and symbols used in this report are defined as 
r'ollows and as shown in figure 1, wherein all force.and moment coeffi- 
cients, angles, and control deflections are shown as positive. All - 

-.-VT 

I--- 
- 

control deflections are measured in.a plane perpendicular to the control 
hinge line. 

T; 

SL angle- of attack of the wing-chord plane-with reference to free 
stream, degrees 

b 

bi 

b0 

bt 

P 

wing span, feet 

inboard flap span (total movable), feet- 

outboard flap span (total movable), feet 

horizontal-tail span, feet 

angle of sideslip of the model centerline with reference to . 1 

free stream, degrees . . . -~ : _ .--. _-. .- 

C 

c' 

wing chord, measured parallel-to wing center line, feet .- 
.- >._1 

mean aerodynamic chord of wing, measured_parallelto wing center rz 

CD drag coefficient 

,1- . -- -. - 

.-- - . -I..-.- 1.1.. -- 
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Cl 

cll 

CY 

m A 

Eav 

it 

1-t 

L 
5 

P 

pb 
Fv 

9 

S 

rolling-moment coefficient 

lift c0ef.ficien-t 

pitching-moment coefficient 

yawing-moment coefficient 

side-force coefficient aide force 
ss 

average deflection of the inboard flaps, degrees 

difference in deflection between any pair of control surfaces 
used as lateral controls', positive when left-hand surface has 
the more poeitive deflection, degrees 

average Peflection of the outboard flaps 

rudder deflection (positive when trailing edge moves to left), 
degrees 

prefix denoting an increment 

average effective downwash angle, degrees 

average horizontal-tail incidence relative to the wing-chord 
plane, degrees 

distance from moment center of model to pivot line of horizontal 
tail, feet 

lift-drag ratio 

rate of rolling, radfans per second 

wing-tip helix angle, radians 

free-stream dynamic pressure, pounds per square foot 

wing area, square feet 

•iimoT~-%M-= 
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Si 

so 

Sr 

St 
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X 
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Z 

clP 
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inboard flapY.tirea (total mqvable), square feet Y 

outboard flap area (total movable), square feet 

rudder area.(total movable), square-feet 

horizontal-tail area (total movable),'square feet 

free-stream-velocity, feet per second , 

airplane weight, pounds 

longitudinal. coordinate parallel to modeicenterline, 

lateral coordinate perpendicular to plane .of symmetry, 

vertical coordinate perpendicular to wing-chord plane, 

acl '-- 
( > aB 

dC1 

c I 
a(pb/=) 

” ac, 
t > ap 

aCY 
( > ap 

Subscripts 

inboard flaps 

outboard flaps -. .- .: . ~_. - :. 

horizontal tail. 

. 

. -. - ,,. 

feet ~ -- -.; ..y7z 

feet --- -- .-IT 

feet 

The model used.in the present investigation was that described in '- -.- '--‘-T- 
reference 1, with the addition of a-rudder and inboard and outboard '- ' 

:. _ &TV 

V&I~"IJAU r. ,_ 
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trailing-edge flaps. The model was equipped with the horizontal tail of 
aspect ratio 4.4 described in reference 1. Dimensional data of the 
model are presented in figure 2 and table I. A photograph of the model 
as mounted in the wind tunnel is shown in figure 3. 

The rudder and the outboard flaps were of constant chord and had 
plain radius noses. The inboard flaps were of constant chord and of 
the slotted type. Details of the inboard flaps and the path of travel 
of the inboard flaps during deflection are shown in figure 4. 

TESTS AND PROCRDURE 

The configurations tested are-listed in table II. The flaps and 
the horizontal tail were tested as lateral-control surfaces by deflect- 
ing these surfaces antisymmetrically, the deflections being SUperpOSed 
on initial symmetrical settings. During the investigation simultaneous 
deflections of the inboard and outboard flaps were used to simulate the 
effect of full-span flaps. Tests were also made with the rudder 
deflected to' ascertain rudder effectiveness and possible control fnter- 
action between rudder and horizontal tail when the tail was being used 
as a lateral control. 

The data were corrected for wind-tunnel-wall effects using the 
theory described in reference 2. These corrections were: 

AU= 0.67 cL 

&!D =- 0.012 CL2 

ACm = -0.014 CL (tail-on configurations only) 

The data were also corrected for support-strut interference. No correc- 
tions were applied to the data for possible deflection of the control 
surfaces due to aerodynamfc loads sfnce they were believed to be negli- 
gible. The accuracy of setting of all control-surface deflections was 
within kO.20. The average Reynolds number of the tests was 10.9 million 
based on the mean aerodynamic chord of the ting. The dynamic pressure 
was approximately 25 pounds per squsre foot and the Mach number was 
approximately 0.13. 

RESULTS 

The basic experimental data obtained are presented in figures 5 
to 13, which are indexed in table II. The moment data in all figures are 
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: : !.. 
referred to a moment center located atM.8 percent !of the mean aerody- 
namic chord of the'wing. This is the &ment centerfor which a static 
margin, -(dCm/dC,)CL"> of 0.06 would be obtained when the trailing-edge 
flaps and the horizontal-tail are undeflected. 

The effects of inboard-flap deflection and horizontal-tail Incidence 
on the pitching-moment characteristics are shown in figure 14. The 
variations of the average effective downwash angle with angle of attack 
at the position of the horizontal tail were determined from the pitching- 
moment data obtained during the test and are presented in figure 15. 
!I'hese.values were determined by making the assumption that for any given 
tail incidence, the intersection of the tail-on and the tail-off 
pitching-moment curves indicates the lift-coefficient value at which the 
pitching moment due to the tail is zero; hen&, the average angle of 
flow across the tail is zero. In order to obtain points of intersection 
for tail incidences other than those tested, a linear variation 
of dC,/dit was assumed. 

In figure 16. the increments--of lift coefficient obtained experi- 
mentally7dn the~wingZuseiage~verti.cal-tail coZguration at Oo angle of 
attack with 4C" inboard flap deflection and various outboard flap defle32 
tions are plotted against values obtained through application of the 
theory of reference 3 ;. - - - -. .--.-T _-.. .-.--I- .-- 

The-trimmed lift-and drag characteristics -for the model in level 
flight, based.on a 30 @ounds'p&%quare: foot--*in@;: lotiding, are shown in- 
figure 17. The dashed hortion of the lift curve indicates a region of _. 
longitudina ~instabilityvith inboard flaps 'deflected. This destabi- 
lizing effect, shown in the pitching-moment curves of figure 14, is 
believed due to the destabilizing variation of downwash with angle of 
attack through this region, as indicated in figure 15 by the increasing 
slope of the downwash curve. 

The effectiveness of the flaps and the horizbntal tail as lateral 
controls is shown in figures 18 to 21. The increments of rolling- 
moment coefficient were obtained from figures 5, 6, 9, and 10 and were.. 
baaed on a differential lateral-control d&?ldStion of 20'. For each ~ - 
lateral controltested, the~effectiveness~as~j@edictedbyZhe theory of-- 
reference 4 has been plotted. 

The variations- of pb/2V with CL for .each.lateral..cpntrol is 
shown *in figure 22. I% computing these values, use was made.of' values " 
of rolling-moment.coefficients obtained experimentally with a 20° differ- 
ential lateral-control surface deflection, a rudder deflection of O", 
and the model held at 0' sideslip-. The values of Czp were obtained 
from figure 13 of reference-3.. -It should be no-ted that the-reason for 
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the rapid Increase of pb/2V at high lift coefficients is due to the 
decrease of the damping-in-roll parameter at the higher lift coefficients. 

The iudder defectiveness, based on a loo rudder deflection with 
inboard flaps deflected, is shown in figure 23 as well as the effect of 
the use of the horizontal tail as a lateral-control device on the rudder 
effectiveness. 

The sideslip derivatives, Cna, CQ, and Cy $ , as measured near O" of 
sideslip from the data plotted in figures 7 and 12, are presented in 
figure 24. Values‘ are shown for the.wing-fuselage-vertical-tail 
configuration and for the complete model with flap deflections of O" 
and 40° in both cases. 

Ames Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Moffett Field, Calif. 
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TABLE I.- DIMENSIONAL DATA 

Wing . 

Area, square feet . . . . . . . . . . . . :. . , . . . . . . 
Span, feet . , . . . . . . . '.-. :::.-. ; ; . '. -. i- . . . R?;z . 
Mean aerodynsmic chord, feet . . . . . . . . . . . . . . . . 11.78 
Chord at fuselage center line, feet . . . : . . . . . . . . . 17.68 
Aspect ratio . ; . . K . . . . . . ; . ;' . ; -. . . .--.. .- . . . 4.0 -T- --- Taper ratio . '...-.-. : :'. . .Y--. .'-;-';-. , . .-; -;'--.--.- . '.-'.-. -'O _ _ 
Airfoil section parallel to model. 

center line . . . . . . . . . . . ; . . . -. NACA 0'003 (modified) 
.._- .--.---... 7.L -..y ._ .- _ 

Slotted, inboard flaps‘ .- ---. 
__ ___ _ .._. 

- 

SJS . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.120 
hi/b . . . . . . . . . . . . . . :............. 0.539 
Flap chord, percent wing chord at fuselage center Une . . . 11.1 

Outboard flaps 

so/s . . . . . . . -. . . . . . . . . . I . . . . ,. . . . . i 0.059 
ho/b . ..-......................... 0.334 _ _... - r: -- 
Outboard flap chord; perkkt wing chord at fuseJ.age. 

center line . . . . .-. i . . . . . -. . -. . . -. ;-. :.-:. -10.5 

Fuselage 

Length, feet . q . , . . . -. :. . . . . . . . . . . . . . . . . 
Maximum diameter, feet . . . :-. . . . . . . . . . . . . . . . 5E' 
Fineness ratio . . -; ; . . . ;- . . : ; ;- Y -r ;---; ; . ; . --,- . =:-5o 

Vertical tau . ..- _ .__ ._ _ _ _. ..__ -. -_ .-.-. -.. -. - 

St/S . . . . . . . i :. . . ;-. . . . . ;-. ; --. i . y. i . /oh68 
s&3 . . . . . . . . . . . . . . . ; . . .- . . . r -. ..r . . -0,941 
Rudder chord, feet . . . . ; .- . . . . . . .- . 1 . ..-. . .' . 1.76 
Aqect ratio of plan form.. . . . F. . . . . . . . . . . . : . . 1 
Taper ratio.. . . . -. . . . ; . . 6 . .* . ; ; -; -. . ..'.‘; . . . ..O 
Airfoil section parallel to model 

center line . . . ;- . ; -. ; ; -. . . -. ; . Y -MACA 0003 (modified) _.I c " 

I - 

‘T- - 
_ --. ..- 

r 

. 
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TABLE I.- CONCLUDED 
r 

Horizontal taip 

St/S...........................* 0.246 
bt/'b..? . . . . . . . . . . . . . . . . . . . . . . . . . 0.523. 
Chord at fuselage center.line . . . . . . . . . . . . . . . 5-71 
2t/E . . . . . . . . . . . . . . . . . . c . . . . . . . . . 1.735 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . . 4.4 
Taper ratio . . : . . . . . . . . . . . . . . . . . . . . . . 0.46 
Airfoil section parallel to 

model center line . . . . modified diamond section (4.2-percent- 
chord maximum thictiess) 

Percent chord line having zero 
sweepangle . . . . . ...* . . . . . . . . . . . . . . . 50.0 

I 
'Pivot line passes through the 27-percent point of the horizontal- 

tail chord in the plane. of symmetry. 

. 

t 
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TABLE II.- SUMMARY OF CONFIGURATIONS !L?BTED 
[W, King; F", fuaelage; V, vertical tail; H, horlzontd tail] I 
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Nqte : A4 force and moment coefficients, angles and control - 
surf&e deflections me shown as positive. 

F@ure I.- Sign convention for force and moment coefficients. 

. 
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Dimensions skwn in feet 
unless other w/se specified 

Figure 2.- Geometric details of fhe model. 
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Figure 3.- The model ae mounted in the Ames 4-b-by 80doot wind tunnel, 
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Figure 4.- Defuh’s of the slotted lirboard f/ups. 
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of diffefentiu/ inboufd- f/up deflection as superposed on two 
differenf inbound f/up settings. St,. , 205 
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F&we 20.- hcfement of ro/hg -moment coefficient per degree 
of different/b/ horizontul-tui/ deflection superposed on -IO0 
tuif hcidence. ,Qr , 20°. 
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Figufe 21. - Estimuted increment of rolhhg- momenf coefficient 
P@f degree of differentiu/ hofizonfu1-toi/ def/ection super - 

pmed On the hii &f/eCtiOn f8qwf8d fOf tffh. 8~~~ 20: 
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Figure 22. - Vafiafion of wing - fib helix ong/e with lift coefficient 
for u 20° differenfiul deflection of three types of iutero/ 
conffok. 8, , Ooj Si , O”; 8, , O”; B, O”. 
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Figure 23. - Eff8CtS of u different/u/ deflection Of fh8 
f?OfiZOnfU/ tUi/ Ot? fh8 rudder 8ff8CtiV8t78SS. ST? loo; 
a;, 4o”j /9, o”. 
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